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Summary

Background: Germany has more intensive care unit (ICU) beds per capita than the USA, but the utilization of these resources
at the end of life is unknown.

Methods: Retrospective observational study using nationwide German hospital discharge data (DRG statistics; DRG, diag-
nosis-related groups) from 2007 to 2015. We investigated hospital deaths and use of intensive care services during terminal
hospitalizations. Population-based incidences were standardized to the age and sex distribution of the German population.

Results: Standardized hospital admission rates increased by 0.8% annually (from 201.9 to 214.6 per 1000 population), while
hospital admissions involving ICU care increased by 3.0% annually (from 6.5 to 8.2 per 1000 population). Among all deaths in
the German population, the proportion of hospital deaths with ICU care increased by 2.3% annually (from 9.8% to 11.8%).
Among all hospital deaths, the proportion involving ICU care increased by 2.8% annually from 20.6% (2007) to 25.6% (2015).
In patients aged 65 and older, the use of intensive care services during terminal hospitalizations increased 3 times faster than

hospital deaths.

Conclusion: Use of intensive care services during terminal hospitalizations increased across all age groups, particularly the
elderly. The increased need for end-of-life care in the ICU calls for improvements in educational, policy, and reimbursement
strategies. It is unclear whether ICU care was appropriate and compliant with patient preferences.
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challenged by a growing population of elderly

patients with increasing comorbidities and rising
demand for technologically advanced care. These trends
raise questions about the appropriate use of intensive care
services at the end of life.

When faced with a serious illness, most people
prefer to die at home (1). In contrast, intensive therapy
signifies some of the most aggressive aspects of care,
which can potentially worsen the experience of death
for patients and their families and may increase burn-
out and distress among ICU personnel (2, 3). On the
other hand, intensive care can stabilize an acute life-
threatening condition and some intensive palliative
treatments may be better performed in an ICU when
patients are in crisis. Importantly, providing
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high-quality end-of-life care requires skills in deci-
sion-making and communication and the collabor-
ation of a well-functioning interdisciplinary team (2).

In Germany, models predict that the total number of
deaths will rise by 26.0% from 2009 to 2050 (4).
Approximately 50% of Germans die in hospital (5). In
2004-2005, Germany had a higher rate of ICU admis-
sions/100 000 population than the USA and 6-10
times more ICU admissions than Canada, the Nether-
lands, or the UK (6). USA data suggest increasing
ICU care at the end of life: between 2000 and 2009,
the proportion of deaths among patients > 66 years
with ICU treatment in the last month of life grew from
24.3% t0 29.2% (7). There are also indications that the
use of intensive care at the end of life in this age
group is directly linked to ICU capacity (8).

Little is known about the use of intensive care at
the end of life in Germany. The goal of this study is to
examine trends in hospital deaths and use of intensive
care services during terminal hospitalizations. The
results provide information on the scope and trends of
intensive care use at the end of life for policy makers,
clinicians, patients, and relatives.

Methods

Details of study methodology can be found in the
eMethods. In short, we used the German diagnosis-
related groups (DRG) statistics for the analysis of hos-
pitalizations with and without intensive care. We used
the population and deaths statistics of the German Fed-
eral Statistical Office and data on hospital/ICU beds
from the Federal Health Monitoring Service. We iden-
tified patients of all ages between 2007 and 2015 and
excluded cases with unknown age and sex (Figure 1).
We opted for a conservative approach to identify ICU
treatment by codes for operations and procedures (OPS
codes 8980, 8-98c, 8-98d, 8-98f, = intensive care
complex treatment). Use of intensive care services
during terminal hospitalizations was determined by the

number of patients who died in hospital and received
ICU care at any time during their hospital stay. We
calculated annual population-based incidences and
standardized these to the German population structure
according to the age and sex distribution as of 31
December 2007 based on nationwide population data of
the Federal Statistical Office for 2007-2015.

Results

Development of ICU bed numbers

Between 2007 and 2015, the number of ICU beds in-
creased by a mean of 2.06% per annum (p.a.), from
23 357 to 27 489. In contrast, the number of hospitals
and hospital beds declined by a mean of 0.81% and
1.1% p.a., respectively (eTable 1).

Trends in hospitalization and intensive care use from
2007-2015

We analyzed a total of 16.6 million hospitalizations in
2007 and 18.7 million in 2015 (Figure 1). Standardized
rates of hospital admissions increased only slightly by a
mean of 0.8% p.a. between 2007 and 2015. In contrast,
the mean increase of hospital admissions involving in-
tensive care p.a. was 3.0% and thus 3 times higher
(Table 1).

Among hospital patients receiving intensive care,
median age increased from 69 [interquartile range,
IQR 57-77] to 71 [58-79] years (eTable 2). Hospital
length of stay declined from median 14 [8-24] to 13
[7-22] days. The proportion of patients receiving
mechanical ventilation increased from 25.0% to
30.5%, and for mechanical ventilation > 4 days from
15.6% to 16.2%. The proportion of patients with
multimorbidity (=2 comorbidities) increased from
55.2% to 57.5%. There were increases in congestive
heart failure, renal disease, chronic pulmonary dis-
ease, and peripheral vascular disease, while myocar-
dial infarction and malignancy decreased (eFigures 1
and 2). The use of palliative care services was very
low but increased from 0.1% to 0.7% (eTable 2).
Documentation of intensive care cases with increased
complexity rose rapidly after the more rigorous OPS
code 8-93f was introduced in 2013 to describe cases
with increased complexity and higher costs (eFigure
3a).

Trends in discharge dispositions of survivors

Table 2 shows the discharge dispositions of survivors of
hospitalization who had received intensive care. The
majority of patients were discharged home or to other
hospitals. Discharges to nursing homes increased by a
mean 8.0% p.a., while discharges to rehabilitation facil-
ities decreased by a mean of 3.5% p.a. Only few pa-
tients were discharged to a hospice. eTable 3 explains
the discharge categories.

Trends in overall hospital deaths and deaths involving
ICU care from 2007 to 2015

Standardized rates of hospital deaths declined from
4.8/1000 to 4.4/1000 population (mean —1.1% p.a.) and
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the proportion of all Germans who died in hospital
decreased from 47.6% to 45.9% (mean —0.4% p.a). In
contrast, hospital deaths involving ICU care increased
from 1.0/1000 to 1.2/1000 population (mean +2.3%
p-a.) (Table 1, Figure 2). In 2007, every fifth patient
who died in hospital had received intensive care; in
2015, it was every fourth (mean +2.8% p.a.). Hospital
and ICU mortality rates were essentially stable (from
2.4% to 2.3% and from 15.0% to 14.8%, respectively).
Over time, more of the patients who died in hospital
and received intensive care had congestive heart fail-
ure, renal disease, chronic pulmonary disease, or ce-
rebrovascular disease than did patients with ICU care
overall (eFigures I and 2).

Trends in overall hospital deaths and deaths involving
ICU care stratified by age from 2007 to 2015

Figure 3, eTable 4, and eFigure 4 depict hospital deaths
and deaths involving ICU care for different age groups.
The increasing trend of deaths involving ICU care was
most marked in the age group 65 years and older. In this
age group, the number of hospital deaths involving ICU
care increased approximately 3 times faster than the
number of overall hospital deaths. In patients
> 85 years, hospital deaths involving ICU care in-
creased by a mean of 7.0% p.a. and thus 2 times faster
than hospital deaths (eTable 4). The introduction in
2010 of new OPS codes for intensive care use in
children and adolescents resulted in a temporary reduc-
tion of ICU use codes for this age group (Figure 3,
eFigure 3b).

Discussion

Our study investigated trends in hospital deaths and in-
tensive care treatment during terminal hospitalizations
between 2007 and 2015. In 2015, approximately 50%
of Germans died in hospital and 25% of hospital deaths
occurred during or after intensive care treatment. Com-
pared with 2007, hospital deaths decreased, but ter-
minal hospitalizations involving ICU care increased. In
2007, one in five hospital deaths occurred after ICU
care; by 2015, this proportion had increased to one in
four. In patients > 65 years, deaths involving ICU care
increased 3 times faster than hospital deaths. Hospital
deaths involving intensive care in patients > 85 years
increased 2 times faster than hospital deaths.

These findings raise questions about the potential
reasons for the growth in use of intensive care treat-
ment. Population demographics is unlikely to be the
major contributor, because age- and sex-standardized
incidence rates also increased. Another possible ex-
planation is increasing morbidity and disease sever-
ity: ICU patients are getting sicker and older (9),
which may account for an increasing demand for
intensive care in hospitals (10). Moreover, economic
incentives may play a role. In the DRG system, hos-
pitals’ profits increase exponentially with the numbers
of days when mechanical ventilation is used and staffing
ratios are low (11). This economic incentive may
explain why ICU capacity and occupancy rates are

increasing steadily in hospitals of all sizes (12),
although the total number of hospital beds is going
down (13), and may have accelerated the increase in
“complex” intensive care cases we observed after
introduction of the more rigorous yet better financed
OPS codes 8-98f.

In 2012, the number of ICU beds in Germany was
31.8/100 000 (14), more than in the USA and double
the European average (15). Importantly, this develop-
ment goes along with one of the lowest nurse-to-
patient ratios in Europe (16). In England, where
financial incentives and societal perspectives are dif-
ferent, analysis of hospital discharge data showed that
only 5.1% of deaths involved intensive care and there
was almost no use of intensive care services in
patients aged > 85 years (17).

Although the absolute number of palliative care
treatments increased tenfold from 541 to 5084, overall
the utilization of palliative care services was low com-
pared with other countries. The lack of palliative care
may also play a role in rising ICU utilization at the
end of life. Less aggressive and expensive alternatives
such as hospices or home-based palliative care have
helped to reverse the trend of terminal hospital-
izations in the UK (18). In-hospital palliative care ser-
vices can potentially reduce the need for terminal ICU
care (19). Our study showed that only 0.1% of hospi-
talized patients with ICU care were discharged to a
hospice versus 5.9% of patients with sepsis in the USA
(20). In Canada, nearly half of the patients who died in
hospital received inpatient palliative care (21). The
Netherlands have double the rate of inpatient palli-
ative care services (1.27/100,000 population) com-
pared with Germany (0.73) (22).

The question to what extent intensive therapy
would be desired by informed patients or contributes
to overtreatment—which in turn worsens the burden
on the treatment team and increases healthcare
costs—cannot be answered based on the adminis-
trative data we analyzed. However, our data describe
important trends with implications for patients,
relatives, health care professionals, and policy
makers. Further prospective studies are needed to
evaluate the benefits and harm of ICU utilization at
the end of life.

Broadening the view to other countries, one sees
that in the USA, for example, the use of mechanical
ventilation among hospitalized nursing home resi-
dents with advanced dementia doubled from 2000 to
2013 without improving survival (8). At the hospital
level, an increase in the number of ICU beds over
time was associated with increasing use of mechan-
ical ventilation for these patients (8).

In a German single-center survey among relatives
of patients with sepsis, 23% stated that the intensity of
treatment had not been consistent with the patients’
wishes (23). However, the prevalence of advance di-
rectives is only 9—13% in patients who die in the ICU
in Germany (24, 25). Although advance directives are
rarely specific enough to enable definitive decisions

Deutsches Arzteblatt International | Dtsch Arztebl Int 2019; 116: 653-60



TABLE 2

Discharge dispositions of survivors of hospitalization involving intensive care
|| oor | 208 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 |
All survivors, n 457331 | 494194 | 525635 | 552108 | 571302 | 589347 | 602754 | 624032 | 627578
Discharge disposition, n (%)
Regular 310216 | 338868 | 359343 | 375840 | 386163 | 401129 | 412519 | 429968 | 431608
(67.8) (68.6) (68.4) (68.1) (67.6) (68.1) (68.4) (68.9) (68.8)
Other hospital 73334 | 77324 | 81081 84770 | 87073 | 91498 | 93131 | 98426 | 101726
(16.0) (15.6) (15.4) (15.4) (15.2) (15.5) (15.5) (15.8) (16.2)
Hospice 446 (0.1) | 520 (0.1) | 574 (0.1) | 622 (0.1) | 637 (0.1) | 691 (0.1) | 777 (0.1) | 934 (0.1) | 922 (0.1)
Rehabilitation facility 55290 | 56473 | 60311 63659 | 66713 | 64447 | 63109 | 59076 | 56913
(12.1) (11.4) (11.5) (11.5) (1.7 (10.9) (10.5) (9.5) 9.1)
Nursing home 9052 11306 | 13917 | 15708 | 17517 | 19000 | 20352 | 22032 | 22894
(2.0) (2.3) (2.6) (2.8) (3.1) (3.2) (34) (3.9 (3.6)
Other 8993 9703 10409 | 11509 | 13199 | 12582 | 12866 | 13596 | 13515
(2.0) (2.0 (2.0 2.1) (2.3) 2.1 2.1) (2.2) (2.2)
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All deaths, crude

=-@-- All deaths, standardized

Hospital deaths, crude
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(=2}

Hospital deaths involving ICU care, crude

0 I I

Year

| | | | I | |
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==&+ Hospital deaths involving ICU care, standardized

Crude and standardized rates of death

regarding treatment intensity at the end of life (26)
and may have little or no impact on the intensity of
the therapy provided (25, 27), the low prevalence of
advance directives indicates that awareness of the im-
portance of such directives is low in the general popu-
lation. This may contribute to increasing use of inten-
sive care services during terminal hospitalizations. In
the USA, it is assumed that the increasing demand for
ICU treatment with stable staffing levels and resources
will have negative implications for all ICU patients
and will increase demands on ICU treatment pro-
viders still further (28).

Taken together, our data show the growing demand
for end-of-life care in the ICU and suggest an oppor-
tunity to implement and strengthen palliative care in
the hospital and particularly in the ICU (2). Given that

Deutsches Arzteblatt International | Dtsch Arztebl Int 2019; 116: 653-60

most critically ill patients have lost decision-making
capacity, decisions to change the goal of treatment or
not to admit patients with a poor prognosis lie in the
hands of physicians and family members. For some
patients, palliative treatments may be better per-
formed in an ICU and by trained and experienced
ICU clinicians. However, end-of-life care demands
interdisciplinary collaboration, decision making, and
communication with the family. Acquisition and im-
plementation of the corresponding skills will require
additional educational programs, better reimburse-
ment, and increased staffing levels (11).

Strengths and limitations
The strength of this study is its representativeness,
based as it is on nationwide administrative data. In
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FIGURE 3

a) Hospital deaths involving intensive care, number of patients
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Development of hospital deaths involving ICU care in Germany from 2007 to 2015. The numbers of deaths are expressed in thousands (k)
*1CD-10 codes for intensive care complex treatment in children and adolescents were first implemented after 2008. In our analyses of 2007,
cases of intensive care treatment in children <18 years were therefore identified by OPS code 8-980 for intensive care complex treatment,

which includes also adults, and are shown in eTable 4.

addition, we selected a conservative approach to identify
use of ICU care. The coding is strictly supervised by
government agencies and routinely cross-checked by
trained physicians of the medical service of the health
insurance companies in Germany (MDK).

This study also has important limitations:

We cannot provide information on severity of critical
illness, clinical decision making, or patients’ presumed
or actual preferences. Therefore, we cannot assess
whether use of intensive care at the end of life was ap-
propriate and compliant with patient preferences.
Nevertheless, the fact that end-of-life care in the ICU
increases in older patients is important.

We cannot differentiate whether a hospitalized pa-
tient died during or after the ICU treatment. Although
our approach allows understanding of ICU utilization
during terminal hospitalizations, it does not permit
identification of the proportion of patients who die in

the ICU. We can neither retrace transfers between
ICU and ward nor know the underlying medical and
ethical decisions.

We cannot identify patients who were discharged
from the ICU for palliative care elsewhere. However,
low coding for palliative care services or hospice
transfer make it unlikely that this applied to many
patients.

There may be selection bias in that patients who
died within 24 h of admission to the ICU were not
included as per OPS coding prerequisites. This may
lead to underestimation of hospital deaths after use of
intensive care.

Since the patients are anonymized, multiple hospital
admissions for individual patients and transfers between
hospitals cannot be identified. This is not a limitation
for exploring terminal hospitalizations but restricts our
ability to examine repeat admissions and transfers.

Deutsches Arzteblatt International | Dtsch Arztebl Int 2019; 116: 653-60



Finally, coding of healthcare services and comor-
bidities may contain inaccuracies, be influenced by
coding incentives, and change over time. These incen-
tives may have led to increased coding of intensive
care services in general with high relevance for mon-
etary reimbursement. Therefore, the interpretation of
trends based on the DRG statistics data remains ten-
tative. Further prospective data are needed to better
understand the underlying mechanisms of the observed
increase in use of ICU services during terminal hos-
pitalizations.

Conclusion

In the context of growing availability of ICU beds in
Germany, we found an increase in hospital deaths
among patients who received intensive care across all
adult age groups, particularly the elderly, from 2007 to
2015. This increase in end-of-life care in the ICU calls
for increased efforts to identify and implement patient
preferences and develop policy and reimbursement
strategies to improve the quality of care for these
patients as their life draws to an end.
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Key messages

Analysis of nationwide hospital discharge data (DRG
statistics; DRG, diagnosis-related groups) shows that hospital
deaths in Germany are decreasing, but the use of intensive
care services during terminal hospitalizations is increasing.

In 2015, approximately 25% of patients who died in the
hospital received ICU care during their terminal hospitalization.

In patients aged 65 years and older, the number of deaths
during hospital stays involving ICU care increased from

63 235 in 2007 to 85 904 in 2015. The rate of increase was
thus 3 times greater than that for overall hospital deaths,
which increased from 322 911 to 354 910.

These findings call for increased efforts to implement and
strengthen palliative care in the intensive care setting.
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eTABLE 1

Development of ICU beds
[T i || oo | sty
intensive care care days in intensive care
2015 1956 177 499 351 27 489 8050 451
2014 1980 191 500 680 27018 7919139
2013 1996 1198 500 671 26 579 7756 268
2012 2017 1213 501475 26 162 7657 365
2011 2045 1245 502 029 25519 7517 367
2010 2064 1260 502 749 24974 7413 503
2009 2084 1283 503 341 24 553 7306 278
2008 2083 1281 503 360 23 890 7042 898
2007 2087 1286 506 954 23 357 6 944 587

Data on the number of hospital beds, beds for intensive care and days of occupancy in intensive care were obtained from the Federal Health Monitoring Service (http://www.gbe-bund.de/)
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eTABLE 2

Demographics, comorbidities, and resource use for hospital patients with intensive care treatment
I N N P
n =538 309 =667 448 n =736 444
Age in years, median (IQR) (57-77) (57-78) (58-79)
Female sex, % 42.0 42.1 4.7
Charlson Comorbidity Index, median (IQR) 2 (1-4) 2 (1-4) 2 (1-4)
Comorbidities according to Charlson, %
None 18.4* 18.6 1741
1 26.3* 26.2 253
2-4 50.5* 50.5 52.3
>4 47+ 48 5.2
Hospital length of stay, days, median (IQR) 14 (8-24) 13 (8-23) 13 (7-22)
Surgical treatment, n (%) 325767 (60.5) 382391 (57.3) 414 058 (56.2)
Renal replacement treatment, n (%) 40976 (7.6) 54 252 (8.1) 58502 (7.9)
Mechanical ventilation, n (%) 135688 (25.0) 181705 (27.2) 224 852 (30.5)
more than 4 days, n (%) 83 833 (15.6) 104 620 (15.7) 119655 (16.2)
Tracheostomy 35673 (6.6) 42331(6.3) 42650 (5.8)
temporary, n (%) 28111 (5.2) 32898 (4.9) 32048 (4.4)
permanent, n (%) 8620 (1.6) 10 539 (1.6) 11723 (1.6)
Palliative care, n (%) 541(0.1) 2133(0.3) 5084 (0.7)

* Descriptive statistics refer to earliest available data from the year 2010, n = 646 048. IQR, interquartile range
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eTABLE 3

Discharge disposition according to the DRG statistics

Regular Regular termination of treatment

Regular termination of treatment, post-discharge treatment intended

Other hospital Transfer to another hospital
Transfer to another hospital as part of a cooperation

External transfer for psychiatric treatment

Hospice Discharge to a hospice

Rehabilitation facility Discharge to a rehabilitation facility
Nursing home Discharge to a care facility

Other Treatment terminated for other reasons

Treatment terminated for other reasons, post-discharge treatment intended
Treatment terminated against medical advice

Treatment terminated against medical advice, post-discharge treatment intended
Change of cost unit responsible

Internal transfer with change in DRG remuneration category, according to the Federal Ordinance on Hospital Care Rates or for
special facilities according to section 17b (1) first sentence of the Hospital Funding Act

Case end (internal transfer) when changing between full and part-time inpatient treatment

Discharge at the end of the year while admitted the year before (for accounting purposes, § 4 PEPPV 2013)
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eTABLE 4

Overall hospital deaths and hospital deaths involving ICU care in different age groups during the period 2007 to 2015

All age groups mmmmmmm-

Younger All deaths, n 4543 4272 4142 3982 4026 3723 3756 3681 3926
han 1
;eaarls 8 Hospital deaths, n (%) 3238 3046 2845 2875 2878 2757 2749 2701 2914
(71.3) (71.3) (68.7) (72.2) (71.5) (74.1) (73.2) (73.4) (74.2)
Hospital deaths involving ICU care, 104 415 494 404 421 422 439 426 444
n (%) (2.3) 9.7) (11.9) (10.1) (10.5) (11.3) (11.7) (11.6) (11.3)
18-44 years | All deaths, n 22430 | 21422 | 20628 | 19907 | 18661 | 17381 | 16877 | 16079 | 16589
Hospital deaths, n (%) 9062 8519 8106 7904 7489 6992 6819 6510 6725

(404) | (39.8) | (39.3) | (397) | (40.1) | (402) | (404) | (405) | (40.5)
Hospital deaths involving ICU care, | 2894 | 2913 | 2805 | 2748 | 2843 | 2585 | 2638 | 2603 | 2666

n (%) (129) | (136) | (136) | (138) | (152) | (149) | (156) | (162) | (16.1)
45-64 years | All deaths, n 111854 | 112402 @ 112273 | 113542 | 115732 | 115970 | 118883 | 116800 | 120320
Hospital deaths, n (%) 58177 | 58127 | 58119 | 58657 | 59840 | 59172 | 60622 | 58924 | 60524

(52.0) (51.7) (51.8) (51.7) (51.7) (51.0) (51.0) (50.4) (50.3)
Hospital deaths involving ICU care, 14745 | 15485 | 15935 | 16727 | 17692 | 17798 | 18958 | 19010 | 19852

n (%) (132) | (138) | (142) | (147) | (153) | (153) | (159) | (16.3) | (16.5)
65yearsand Al deaths, n 688328 | 706342 | 717501 | 721337 | 713909 | 732508 | 754309 | 731796 | 784365
older Hospital deaths, n (%) 322911 | 329250 | 337400 | 336054 | 329795 | 335152 | 345000 333021 | 354910
(469) | (466) | (470) | (466) | (462) | (458) | (45.7) | (455) | (45.2)
Hospital deaths involving ICU care, | 63235 | 66952 | 71584 | 74061 | 75190 | 77119 | 81287 | 80991 | 85904
n (%) 92 | (95 | (100) | (103) | (105) | (105) | (10.8) | (11.1) | (11.0)
85yearsand Al deaths, n 258291 | 272476 | 279990 | 285965 | 289344 | 304338 | 319369 | 313421 | 343908
older Hospital deaths, 94880 | 100209 103973 | 105317 | 105416 110906 & 116948 | 115071 | 125628
n (%) (367) | (368) | (37.1) | (36.8) | (36.4) | (364) | (366) | (36.7) | (36.5)
Hospital deaths involving ICU care, | 11182 | 12544 | 13757 | 14616 | 15245 | 16367 | 17461 | 17931 | 19205
n (%) @43) | @46 | @49 | (51 | (53 | (54 | (65 | (67) | (58)

Presented are absolute numbers (n) and proportions of all deaths accounted for by the respective age group (%)
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eFIGURE 3

a) Intensive care OPS codes for adults
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b) Intensive care OPS codes for children and adolescents
18 000
16 000
14 000
12 000
10 000 -

8000
6000
4000
2000 -

0 -

19 8-98¢ I 8-98d

Number of cases

2007 2008 2009 2010 2011 2012 2013 2014 2015

Year

Number of intensive care hospitalizations from 2007 to 2015 according to different
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a) OPS codes for complex intensive care treatment (8-980) and costly complex intensive care
treatment ( 8-98f)

b) OPS codes for complex intensive care treatment for children and adolescents (8-98c and
8-98d)
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eFIGURE 4

a) Hospital deaths, number of patients
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eMETHODS

Material and methods

Data sources

We used the German diagnosis-related groups (DRQG) statistics for the analysis of hospitalizations
with and without intensive care. The DRG statistics is a nationwide database comprising complete
inpatient data from all acute-care hospitals in Germany except military and prison hospitals. These
data are accessible via remote data processing from the German Federal Statistical Office. Each hos-
pitalization is treated as an individual entry and contains one principal ICD-10 German Modification
(ICD-10-GM) diagnosis, up to 89 secondary ICD-10-GM diagnoses, and up to 100 OPS codes (OPS,
German classification of operations and procedures), as well as data on length of hospital stay, type of
admission and discharge, and patient demographics. In addition, we used the population and deaths
statistics of the German Federal Statistical Office, accessible online (https://www-genesis.destatis.de/
genesis/online). Data on the number of hospital beds, beds for intensive care, and days of occupancy
in intensive care were obtained from the Federal Health Monitoring Service (http://www.gbe-bund.
de/).

Description of patients

We identified hospitalized patients of all ages between 2007 and 2015 and excluded cases with
unknown age and sex. In order to identify patients receiving intensive care, we chose a conservative
approach, using corresponding codes for the classification of operations and procedures (OPS codes
8-980, 8-98c, 8-98d, 8-98f). These codes were introduced to specify so-called complex intensive
care treatment. To prevent overcoding, the use of these codes was bound to prerequisites, including
the continuous attendance of a physician, a team of specialized nurses and physicians, and a stay of at
least 24 h. Monitoring without treatment of organ failure and short-term stabilization after surgical
treatment cannot be classified using these codes. Use of intensive care services during terminal hospi-
talizations was determined by the number of patients who died in hospital and received ICU care at
any time during their hospital stay.

We also evaluated the following patient demographics:

® Age

o Sex

® Underlying comorbidity, using the Charlson Comorbidity Index (CCI), which is determined on
the basis of primary and secondary ICD discharge diagnoses (9)

® Resource use, including hospital length of stay (LOS)

® Surgical treatment (any OPS code for surgical conditions, OPS 5-01-5-99)

® Renal replacement therapy (OPS codes 8-853, 8-854, 8-855)

® Mechanical ventilation (OPS codes 8-70, 8-71)

® Tracheostomy (OPS codes 5-311 for temporary, 5-312 for permanent tracheostomy)

o Palliative care that can be delivered in specialized palliative care wards (8-98e) or by palliative
care specialists and multidisciplinary teams on any hospital ward including intensive care units
(8-982)

® Discharge disposition

® Hospital mortality

Statistical analyses

The data were analyzed using SAS® (Version 9.4; SAS Institute, Cary, NC, USA) and R (Version
3.4.0; R Core Team, Vienna, Austria) and are presented as percentages, absolute numbers, and either
medians and interquartile ranges (IQR) or means and standard deviations (SD).

We calculated annual population-based incidences and standardized these to the German population
structure according to the age and sex distribution as of 31 December 2007, based on nationwide
population data of the Federal Statistical Office for the period 2007 to 2015. Given the large size of
the data set, we did not perform inferential statistics, as all comparisons were likely to be statistically
different.
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